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ELECTRIC VARIABLE TRANSMISSION FOR
HYBRID ELECTRIC VEHICLES WITH FOUR
FORWARD MODES AND SIX FIXED GEARS

FIELD OF THE DISCLOSUR.

(L]

The present disclosure relates generally to vehicle trans-
missions, and more specifically, the present disclosure relates
to a power split transmission capable of four Electric Variable
Transmission (EVT) modes and six fixed gears for hybnd

clectrical vehicles (HEV).

BACKGROUND OF THE DISCLOSURE

A Power Split Transmission (PST) (also known as an FElec-
tric Variable Transmission (EVT)) 1s one type of transmission
used for Hybnd FElectric Vehicles (HEV). Power split trans-
missions utilize two electric motors (“E-motors™) and require
completely new transmission designs over conventional
transmissions and existing HEV transmissions with a single
E-motor. Power split transmissions utilize epicyclic differen-
tial gearing (1.e., planetary gear sets) in a way that a part of the
power of the internal combustion engine 1s transmitted
through a mechanical path to the output, and another part 1s
transmitted on an electrical path. The electrical path includes
the two E-motors, one of them operating as a motor, and the
other as a generator. By varying the speeds of the E-motors,
variable transmission ratios are obtained.

Typically, the PST allows no carry over of parts from
conventional transmissions resulting 1n large development
costs. However, HEVs with PSTs provide improved fuel
economy over traditional series and parallel hybrids because
the E-motors not only boost or regenerate during braking, but
also drive 1n varniable ratios. Those operations are done 1n
EVT modes. Conventional geared transmissions have a cer-
tain number (e.g., four to seven) of gears with fixed ratios.
Variable ratios 1in the EVT modes allow the engine to operate
near the best efficient load point. In existing HEV PSTs,
high-power E-motors and power electronics are required in
order to cover full load engine operation. Existing power split
transmissions do not include very, low power split ratios, six
well-distributed gears, and a front E-motor design.

BRIEF SUMMARY OF THE DISCLOSURE

In various exemplary embodiments, the present disclosure
provides a power split transmission with four Electric Vari-
able Transmission (EVT) modes and six fixed gears for use 1n
hybrid electrical vehicles (HEV). The present disclosure uti-
lizes two electric motors (“E-motors™), an engine, three plan-
ctary gear sets, and five selectively engageable clutches. The
clutches are engaged in different combinations to engage the
different gears and EVT modes; In the six fixed gears, power
1s transmitted only on the mechanical path for the highest
transmission efficiency. In the four EVT modes, a part of the
power 1s transmitted electrically. The EVT modes are
designed for the lowest power split ratios, allowing the use of
low powered E-motors; Additionally, the present disclosure
can 1include front E-motor design allowing scalable E-motors
and a modular transmission design. Alternatively, the E-mo-
tors can be located 1n the middle integrated with the transmis-
s10n, design.

In an exemplary embodiment of the present disclosure, an
clectric variable transmission with four forward modes and
s1x fixed gears includes a first, second, and third planetary
gear set, wherein the first, second, and third planetary gear
sets are mterconnected; an input shaft connected to the third
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planetary gear set; a first electric motor connected to third
planetary gear set-and connected to the first planetary gear set
through a first selectively engageable clutch; a second electric
motor connected to the first planetary gear set and connected
to the second planetary gear set through a second selectively
engageable clutch; a transmission housing connected to the
first planetary gear set through a third selectively engageable
clutch and to the second planetary gear set through a fourth
selectively engageable clutch; a fifth selectively engageable
clutch connected within the third planetary gear set; and an
output shait connected to the second planetary gear set. The
first and third planetary gear sets include a simple planetary
gear set, and the second planetary gear set includes a com-
pound planetary gear set. The first planetary gear set includes
a first sun gear, a first ring gear, and a {irst planetary pinion
rotatably mounted on a first planetary carrier, wherein the first
planetary pinion 1s disposed in a meshing relationship with
the first sun and first ring gears. The second planetary gear set
includes a second sun gear, a second ring gear, and second
planetary pinions rotatably mounted On a second planetary
carrier, wherein the second planetary pinions are disposed 1n
a meshing relationship with the second sun and second ring
gears. The third planetary gear set includes a third sun gear, a
third ring gear, and a third planetary pinion rotatably mounted
on a third planetary carrier, wherein the third planetary pinion
1s disposed 1n a meshing relationship with the third sun and
third ring gears.

Optionally; connections 1n the electric variable transmis-
s1on include: the mput shaft connected to the third ring gear;
the first electric motor connected to the third sun gear and to
the first ring gear through the first selectively engageable
clutch; the second electric motor connected to the first sun
gear and to the second planetary carrier through the second
selectively engageable clutch; the first ring gear connected to
the transmission housing through the third selectively
engageable clutch; the first planetary carrier connected to the
second sun gear; the second sun gear connected to the third
planetary carrier; the second planetary carrier connected to
the transmission housing through the fourth selectively
engageable clutch; the second ring gear connected to the
output shaft; and the third sun gear connected to the third ring
gear through the fifth selectively engageable clutch. The first
and second electric motors are disposed 1n front of the first,
secondhand third planetary gear sets. The electric variable
transmission includes four electric variable transmission
modes and six fixed gears, and the four electric variable
transmission modes and six fixed, gears are selectively
engageable through the first, second, third, fourth, and fifth
selectively engageable clutches.

In another exemplary embodiment of the present disclo-
sure, an electric variable transmission with four forward
modes and six fixed gears includes a first, second, and third
planetary gear set, wherein the first, second, and third plan-
ctary gear sets are interconnected; an input shaft connected to
the first planetary gear set; a first electric motor connected to
me first planetary gear set and connected to the second plan-
ctary gear set through a first selectively engageable clutch; a
second electric motor connected to the second planetary gear
set and connected to the third planetary gear set through a
second selectively engageable clutch; a transmission housing
connected to the second planetary gear set through a third
selectively engageable clutch and to the third planetary gear
set through a fourth selectively engageable clutch; a fifth
selectively engageable clutch connected within the first plan-
ctary gear set; and an output shaft connected to the third
planetary gear set. The first and third planetary gear sets
include a compound planetary gear set, and the second plan-
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ctary gear set includes a simple planetary gear set. The first
planetary gear set includes a first sun gear, a first ring gear, and
first planetary pinions rotatably mounted on a first planetary
carrier, wherein the first planetary pinions are disposed 1n a
meshing relationship with the first sun and first ring gears.
The second planetary gear set includes a second sun gear, a
second ring gear, and a second planetary pinion rotatably
mounted on a second planetary carrier, wherein the second
planetary pinion 1s disposed in a meshing relationship with
the second sun and second ring gears. The third planetary gear
set includes a third sun gear, a third ring gear, and third
planetary pinions rotatably mounted on a third planetary car-
rier, wherein the third planetary pinions are disposed 1n a
meshing relationship with the third sun and third ring gears.

Optionally, connections 1n the electric variable transmis-
s1on 1nclude: the mput shaft connected to the first planetary
carrier; the first electric motor connected to the first sun gear
and to the second ring gear through the first selectively
engageable clutch; the second electric motor connected to the
second sun gear and to the third planetary carrier through the
second selectively engageable clutch; the first ring gear con-
nected to the second planetary carrier and the third sun gear;
the first planetary carrier connected to the first sun gear
through the fifth selectively engageable clutch; the second
sun gear connected to the third planetary carrier through the
second selectively engageable clutch; the second planetary
carrier connected to the third ring gear, the second ring gear
connected to the transmission housing, though the first selec-
tively engageable clutch; and the third planetary carrier con-
nected to the transmission housing through the fourth selec-
tively engageable clutch. The first and second electric motors
are disposed 1n front of the first, second, and third planetary
gear sets. The electric vanable transmission includes four
clectric variable transmission modes and six fixed gears, and
the four electric variable transmission modes and six fixed
gears are selectively engageable through the first, second,
third, fourth, and fifth selectively engageable clutches.

In yet another exemplary embodiment of the present dis-
closure, an electric variable transmission with four forward
modes, s1x fixed gears, and a middle electric motor design
includes a first™ second, and third planetary gear set, wherein
the first, second, and third planetary gear sets are intercon-
nected; an mput shait connected to the third planetary gear
set; a first electric motor connected to the third planetary gear
set and connected to the first planetary gear set through a first
selectively engageable clutch; a second electric motor con-
nected to the first planetary gear set and connected to the
second planetary gear set through a second selectively
engageable clutch; a transmission housing connected to the
first planetary gear set through a third selectively engageable
clutch and to the second planetary gear set through a fourth
selectively engageable clutch; a fifth selectively engageable
clutch connected within the third planetary gear set; and an
output shaft connected to the second planetary gear set. The
first and third planetary gear sets include a simple planetary
gear set, and the second planetary gear set includes a com-
pound planetary gear set. The first planetary gear set includes
a 1irst sun gear, a first ring gear, and a {irst planetary pinion
rotatably mounted on a first planetary carrier, wherein the first
planetary pinion 1s disposed in a meshing relationship with
the first sun and first ring gears. The second planetary gear set
includes a second sun gear, a second ring gear, and second
planetary pinions rotatably mounted on a second planetary
carrier, wherein the second planetary pinions are disposed 1n
a meshing relationship with the second sun and second ring
gears. The third planetary gear set includes a third sun gear, a
third ring gear, and a third planetary pimion rotatably mounted
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on a third planetary carrier, wherein the third planetary pinion
1s disposed 1n a meshing relationship with the third sun and
third ring gears.

Optionally, connections in the electric variable transmis-
sion include: the mput shaft connected to the third ring gear;
the first electric motor connected to the third sun gear and to
the first rning gear through the first selectively engageable
clutch; the second electric motor connected to the first sun
gear and to the second planetary carrier through the second
selectively engageable clutch; the first ring gear connected to
the transmission housing through the third selectively
engageable clutch and to the first electric motor and the third
sun gear through the first selectively engageable clutch; the
first planetary carrier connected to the second sun gear; the
second sun gear connected to the first planetary carrier and the
third planetary carrier; the second planetary carrier connected
to the transmission housing through the fourth selectively
engageable clutch; the second ring gear connected to the
output shaft; and the third ring gear connected to the nput
shaft and to the third sun gear through the fifth selectively
engageable clutch. The first electric motor 1s disposed 1n front
of the first, second, and third planetary gear sets, and the
second electric motor 1s disposed 1n between the first and
second planetary gear sets. The electric variable transmission
includes four, electric variable transmission modes and six
fixed gears, and the four electric variable transmission modes
and six fixed gears are selectively engageable through the
first, second, third, fourth; and {ifth selectively engageable
clutches.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s illustrated and described herein
with reference to the various drawings, in which like refer-
ence numbers denote like system components, respectively,
and 1n which:

FIG. 1 1s a schematic diagram of a power split transmission
including two E-motors located i front of three planetary
gear sets according to an exemplary embodiment of the
present disclosure;

FI1G. 2 1s a schematic diagram of a power split transmission
including two E-motors located in front of three planetary
gear sets according to another exemplary embodiment of the
present disclosure; and

FIG. 3 1s a schematic diagram of a power split transmission
including two E-motors with one E-motor located 1n front and
one E-motor located in between two planetary gear sets
according to yet another exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

In various exemplary embodiments, the present disclosure
provides a power split transmission with four Electric Vari-
able Transmission (EVT) modes and six fixed gears for use in
hybrid electrical vehicles (HEV). The present disclosure uti-
lizes two electric motors (“E-motors™), an engine, three plan-
ctary gear sets, and five selectively engageable clutches. The
clutches are engaged 1n different combinations to engage the
different gears and EVT modes: In the six fixed gears, power
1s transmitted only on the mechanical path for the highest
transmission eificiency. In the four EVT modes, a part of the
power 1s transmitted electrically and a part 1s transmitted
mechanically. The EVT modes are designed for the lowest
power split ratios, allowing the use of low powered E-motors.
Additionally, the present disclosure includes a front E-motor
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designed allowing scalable E-motors and a modular transmis-
sion design. Alternatively, the E-motors can be located in the
middle integrated with the transmission design.

The present disclosure provides four forward EV'T modes
and s1x fixed gears to enable both an optimal fuel efficiency
and excellent performance. Generally, EVT modes are more
elficient in low load operation, such as for city driving. Fixed
gears are more elficient for higher load operation. The present
disclosure utilizes five clutches and three planetary gear sets
to provide the four EVT modes and six fixed gears. The four
EVT modes are designed to cover any ratio, 1.e. full coverage.
The s1x fixed gears have fixed ratios, and are generally used at
tull and high loads.

The various exemplary embodiments of the multi-mode
power split transmission with four EVT modes and six fixed
gears are illustrated 1n various transmission schematic dia-
grams (also known as transmission stick diagrams). These
schematic diagrams illustrate the topology, packaging, and
location of planetary gear sets, clutches, motors, shaifts, and
the like. The schematic diagram 1s a visual representation of
a cross-section of a transmission showing positioming and 1n
what manner components are supported and interconnected.
Additionally, the schematic diagrams show how various
clutches and brakes are positioned and supported between or
adjacent to planetary gear sets. Those of ordinary skill 1n the
art recognize the schematic diagrams correspond to actual
implementations of planetary gear sets, engines, clutches,
and the like.

Referring to FIG. 1, a power split transmission 10a
includes an mput shaft 12, a first E-motor (“EMA”) 14, a
second E-motor (“EMB”) 16, a {irst planetary gear set 18, a
second planetary gear set 20, a third planetary gear set 22, and
an output shait 24, according to an exemplary embodiment of
the present disclosure. The mput shait 12 can be connected to
an engine, such as ah internal combustion engine. The engine
1s configured to provide mechanical power to the input shatt
12. The output shaft 24 can connect to a vehicle’s wheels, for
example. The EMA 14 and EMB 16 are configured for gen-
erating and motoring: 1n order to operate in variable ratios 1n
different EV'T modes.

The power split transmission 10« includes five clutches 30,
32,34, 36, and 38 which are torque transmitting mechanisms.
The clutches 30, 32, 34, 36, and 38 are configured to selec-
tively engage and disengage to select fixed gear ratios and
EVT modes. For example, all single and double shiits can be
performed by shifting from one clutch 30, 32, 34, 36, and 38
to another. The clutches 30, 32, 34, 36, and 38 are configured
to be selectively engaged, and can be operated mechanically,
clectrically, or hydraulically, as 1s known in the art. The
clutches 30 and 36 are configured to connect to a transmission
housing 40. The clutches 30,32, 34, 36, and 38 are configured
to hold various components 1n the planetary gear sets 18, 20,
and 22 to engage various gear ratios and EVT modes.

In this exemplary embodiment, the first and third planetary
gear sets 18 and 22 are simple planetary gear sets, and the
second planetary gear set 20 1s a compound planetary gear set.
The first planetary gear set 18 includes a sun gear 42, a ring
gear 44, a planetary pinion 46, and a planetary carrier 48. The
planetary pinion 46 1s rotatably mounted on the planetary
carrier 48 disposed 1n a meshing relationship with the sun
gear 42 and the ring gear 44.

The second planetary gear set 20 includes a sun gear 50, a
ring gear 52, planetary pinions 34 and 36, and a planetary
carrier 58. The planetary pinions 34 and 56 are rotatably
mounted on the planetary carrier 38 disposed 1n a meshing,
relationship with the sun gear 50 and the ring gear 52. The
third planetary gear set 22 includes a sun gear 60, a ring gear
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62, a planetary pinion 64, arid a planetary carrier 66. The
planetary pimion 64 is rotatably mounted on the planetary
carrier 66 disposed 1n a meshing relationship with the sun
gear 60 and the ring gear 62.

The power split transmission 10a includes a front E-motor
design with the EMA 14 and EMB 16 located 1n front of the
three planetary gear sets 18, 20, and 22. This allows the EMA
14 and EMB 16 to be assembled separately from the three
planetary gear sets 18,20, and 22 leading to a modular design.
For example, the modular design enables separate manufac-
turing of the gear sets 18, 20, and 22 from the E-motors 14 and
16.

The power split transmission 10a includes three inner
shafts inside the sun gear 42, and the mput shatt 12 extends to
the, ring gear 62 of the third planetary gear set 22. With
regards to the connections in the planetary gear set 18; the;
sun gear 42 1s connected to the EMB 16 and to the clutch 34.
The ring gear 44 1s connected to the transmission housing 40
through the dutch 30 and to the EMA 14 through the clutch
32. The planetary carrier 48 1s connected to the sun gear 50 of
the second planetary gear set 20.

With regards to the connections 1n the second planetary
gear set 20, the sun gear 50 1s connected to the planetary
carriers 48 and 66 of the first and third planetary gear sets 18
and 22. The ring gear 52 1s connected to the output shait 24.
The planetary carrier 58 1s connected to the transmission
housing 40 through the clutch 36; With regards to connections
in the third planetary gear set 22, the sun gear 60 1s connected
to the ring gear 44 through the clutch 32 and the ring; gear 62
through the clutch 38. The ring gear 62 1s connected to the sun
gear 60 through the clutch 38 and the mput shait 12. The
planetary carrier 66 1s connected to the sun gear 50 of the
second planetary gear set 20.

Referring to FIG. 2, a power split transmission 105
includes the mput shait 12, EMA 14, EMB 16, a first plan-
ctary gear set 70, a second planetary gear set 72, a third
planetary gear set 74, and the output shaft 24, according to an
exemplary embodiment of the present disclosure. The 1mput
shaft 12 can be connected to an engine, such, as an internal
combustion engine. The engine 1s configured to provide
mechanical power to the mput shait 12. The output shait 24
can connect to a vehicle’s wheels, for example. The EMA
Hand EMB 16 are configured to generate and store power and
to drive 1n variable ratios 1n different EVT modes.

The power split transmission 106 includes five clutches 30,
32, 34, 36, and 38 which are torque transmitting mechanisms.
The clutches 30, 32, 34, 36, and 38 are configured to selec-
tively engage and disengage to select fixed gear ratios and
EVT modes. For example, all single and double shifts can be

performed by shifting from one clutch 30, 32, 34, 36, and 38
to another. The clutches 30, 32, 34, 36, and 38 are configured
to be selectively engaged, and can be operated mechanically,
clectrically, or hydraulically, as 1s known 1n the art. The
clutches 30 arid 36 are configured to connect to a transmission
housing 40. The clutches 30,32, 34, 36, and 38 are configured
to hold various components 1n the planetary gear sets 70,72,
and 74 to engage various gear ratios and EVT modes.

In this exemplary embodiment, the first and third planetary
gear sets 70 and 74 are compound planetary gear sets, arid the
second planetary gear set 72 1s a simple planetary gear set.
The first planetary gear set 70 includes a sun gear 76, a ring

gear 78, planetary pinions 80 and 82, and a planetary carrier
84. The planetary pinions 80 and 82 are rotatably mounted on

the planetary carrier 84 disposed in a meshing relationship

with the sun gear 76 and the ring gear 78.
The second planetary gear set 72 includes a sun gear 86, a

ring gear 88, a planetary pinion 90, and a planetary carrier 92.
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The planetary pinion 90 1s rotatably mounted on the planetary
carrier 92 disposed 1n a meshing relationship with the sun
gear 86 and the ring gear 88. The third planetary gear set 74
includes a sun gear 94, a ring gear 96, planetary pinions 98
and 100, and a planetary carrier 102. The planetary pinions 98
and 100 are rotatably mounted on the planetary carrier 102
disposed 1in a meshing relationship with the sun gear 94 and
the ring gear 96.

The power split transmission 1056 includes a front E-motor

design with the EMA 14 and EMB 16 located 1n front of the
three planetary gear sets 70, 72, and 74. This allows the EMA
14 and EMB 16 to be assembled separately from the three
planetary gear sets 70, 72, and 74 leading to amodular design.
For example, the modular design enables separate manufac-

turing of the gear sets 70, 72, and 74 from the E-motors Hand
16.

The power split transmission 105 includes one inner shaft
inside the sun gear 76, and the mput shait 12 extends to the
planetary carrier 84 of the first planetary gear set 70. With
regards to the connections 1n the planetary gear set 70, the sun
gear 76 1s connected to the EMA 14 and to the planetary
carrier 84 through the clutch 34. Thering gear 78 1s connected
to the planetary carrier 92 and to the sun gear 94. The plan-
ctary carrier 84 1s connected to the mput shatt 12 and to the
sun gear 76 through the clutch 34.

With regards to the connections i the planetary gear set 72,
the sun gear 86 1s connected to the EMB 16, to the transmis-
s10n housing 40 through clutches 36 and 40, and to the plan-
ctary carrier 102; through the clutch 36. The ring gear 88 1s
connected to the transmission housing 40 through the clutch
30 and to the EMA 14 through the clutch 32. The planetary
carrier 92 1s connected to the ring gear 78 and to the sun gear
94.

With regards to the connections in the planetary gear set 74,
the sun gear 94 1s connected to the planetary carrier 92 and to
the ring gear 78. The ring gear 96 1s connected to the output
shaft 24. The planetary carrier 102 1s connected to the trans-
mission housing 40 through the clutch 38 and to the Sun gear
86 and EMB 16 through the clutch 36.

The power split transmission 10a of FIG. 1 provides a
lower nertial mass design. The power split transmission 10a
design has reduced outer shells compared to the power split
transmission 1056, and the power split transmission 105 has
less mner shafts than the power split transmission 1054.

Also, the power split transmissions 10aq and 1056 both sup-
port four forward EVT modes and six fixed gears through
various engagements of the clutches 30, 32, 34, 36, and 38.
The four EVT modes have very low power splitrations allow-
ing very low powered E-motors and power electronics. The
s1x fixed gears are well-distributed for high transmission effi-
ciency, such as during high-loads.

Referring to FIG. 3, a power split transmission 10c¢
includes the input shait 12, EMA 14, EMB 16, a first plan-
ctary gear set 110, a second planetary gear set 112, a third
planetary gear set 114, and the output shaft 24, according to
an exemplary embodiment of the present disclosure. The
input shait 12 can be connected to an engine, such as an
internal combustion engine. The engine 1s configured to pro-
vide mechanical power to the input shaft 12. The output shaft
24 can, connect to a vehicle’s wheels, for example. The EMA
14 and EMB 16 are configured to generate and store power
and to drive 1n variable ratios 1n different EVT modes. In this
exemplary embodiment, the EMA 14 1s located in front of the
three gear, sets 110, 112, and 114, and the EMB 16 1s located
in between the first planetary gear set 110 and the second
planetary gear set 112.
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The power split transmission 10c¢ includes five clutches 30,
32, 34,36, and 38 which are torque transmitting mechanisms.
The clutches 30, 32, 34, 36, and 38 are configured to selec-
tively engage and disengage to select fixed gear ratios and
EVT modes. For example, all single and double shifts can be

performed by shifting from one clutch 30, 32, 34, 36, and 38
to another. The clutches 30, 32, 34, 36, and 38 are configured
to be selectively engaged, and can be operated mechanically,
clectrically, or hydraulically, as 1s known 1n the art. The
clutches 36 and 38 are configured to connect to a transmission
housing 40. The clutches 30,32, 34, 36, and 38 are configured
to hold various components 1n the planetary gear sets 110,
112, and 114 to engage various gear ratios and EV'T modes.

In this exemplary embodiment, the first and third planetary
gear sets 110 and 114 are simple planetary gear sets, and the
second planetary gear set 112 1s a compound planetary gear
set. The first planetary gear set 110 includes a sun gear 120, a
ring gear 122, a planetary pinion 124, and a planetary carrier
126. The planetary pinion 124 1s rotatably mounted on the
planetary carrier 126 disposed 1n a meshing relationship with
the sun gear 120 and the ring gear 122.

The second planetary gear set 112 includes a sun gear 130,
a ring gear 132, planetary pinions 134 and 136, and a plan-
ctary carrier 138. The planetary pinions 134 and 136 are
rotatably mounted on the planetary carrier 138 disposed 1n a
meshing relationship with the sun gear 130 and the ring gear
132. The third planetary gear set 114 includes a sun gear 140,
aring gear 142, a planetary pinion 144, and a planetary carrier
146. The planetary pinion 144 1s rotatably mounted on the
planetary carrier 146 disposed 1n a meshing relationship with
the sun gear 140 and the ring gear 142.

The power split transmission 10¢ includes a middle E-mo-
tor design with the EMA 14 located in front of the three
planetary gear sets 110, 112, and 114, and the EMB 16
located 1n between the planetary gear sets 110 and 112. The
power split transmission 10¢ includes three inner shaits inside
the first planetary gear set 110.

With regards to the connections in the planetary gear set
110, the sun gear 120 1s connected to the EMB 16 and to the
planetary carrier 138 through the clutch 32. The ring gear 122
1s connected to the transmission housing 40 through the
clutch 36 and to the EMA 14 and the sun gear, 140 through the
clutch 30. The planetary carrier 126 1s connected to the sun
gear 130.

With regards to the connections in the planetary gear set
112; the sun gear 130 1s connected to the planetary carrier 126
and to the planetary carrier 146. The ring gear 132 1s con-
nected to the output shait 24. The planetary carrier 138 1s
connected to the transmission housing 40 through the clutch
38 and to the EMB 16 and sun gear 120 through the clutch 32.

With regards to the connections in the planetary gear set
114, the sun gear 140 1s connected to the EMA 14, to the ring
gear 122 through the clutch 30, and to the sun gear 140
through the clutch 34. The ring gear 1s connected to the input
shaft 12 and to the sun gear 140 through the clutch 34. The
planetary carrier 146 1s connected to the sun gear 130.

Although the present disclosure has been illustrated and
described herein with reference to preferred embodiments
and specific examples thereot, it will be readily apparent to
those of ordinary skill in the art that other embodiments and

examples may perform similar functions and/or achieve like
results. All such equivalent embodiments and examples are
within the spirit and scope of the present disclosure and are
intended to be covered by the following claims.
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What 1s claimed 1s:

1. An electric variable transmission comprising:

a first, second, and third planetary gear set, wherein the
first, second, and third planetary gear sets are intercon-
nected; wherein the first planetary gear set comprises a
plurality of first planetary gear subcomponents includ-
ing a first sun gear, a first ring gear, and a first planetary
pinion rotatably mounted on a first planetary carrier, and
wherein the third planetary gear set comprises a plurality
of third planetary gear subcomponents including a third
sun gear, a third ring gear, and a third planetary pinion
rotatably mounted on a third planetary carrier;

an input shaft directly connected to the third planetary gear
set of the third planetary gear set;

a first electric motor continuously connected to the third

planetary gear set, and additionally connected to the first

planetary gear set through a first selectively engageable
clutch;

a second electric motor continuously connected to the first
planetary gear set, and additionally connected to the
second planetary gear set through a second selectively
engageable clutch;

a transmission housing connected to the first planetary gear
set through a third selectively engageable clutch and to
the second planetary gear set through a fourth selectively
engageable clutch;

a {itth selectively engageable clutch connected to at least
two subcomponents on the third planetary gear set;

an output shaft connected to the second planetary gear set;
and

wherein the electric vanable transmission provides four
forward electric variable transmission modes and six
fixed gears.

2. The electric vaniable transmission of claim 1, wherein:

the second planetary gear set comprises a compound plan-
ctary gear set.

3. The electric variable transmission of claim 2, wherein
the first planetary pinion 1s disposed 1n a meshing relationship
with the first sun and {irst ring gears;

wherein the second planetary gear set comprises a plurality
of second planetary gear set subcomponents including a
second sun gear, a second ring gear, and second plan-
ctary pinions rotatably mounted on a second planetary
carrier, wherein the second planetary pinions are dis-
posed 1n a meshing relationship with the second sun and
second ring gears; and

wherein the third planetary pinion 1s disposed 1n meshing
relationship with the third sun and third ring gears.

4. The electric variable transmission of claim 3, wherein
connections 1n the electric vaniable transmission comprise:
the input shatt connected to the third ring gear;
the first electric motor connected to the third sun gear, and

additionally connected to the first ring gear through the

first selectively engageable clutch;
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the second electric motor connected to the first sun gear,
and additionally connected to the second planetary car-
rier through the second selectively engageable clutch;

the first ring gear connected to the transmission housing
through the third selectively engageable clutch;

the first planetary carrier connected to the second sun gear;

the second sun gear connected to the third planetary car-

rier; the second planetary carrier connected to the trans-
mission housing through the fourth selectively engage-
able clutch;

the second ring gear connected to the output shait; and

the third sun gear connected to the third ring gear through

the fifth selectively engageable clutch.

5. The electric variable transmission of claim 3, wherein
connections 1n the electric variable transmission comprise:

the input shaft connected to the third ring gear;

the first electric motor connected to the third sun gear, and

additionally connected to the first ring gear through the
first selectively engageable clutch;
the second electric motor connected to the first sun gear,
and additionally connected to the second planetary car-
rier through the second selectively engageable clutch;

the first ring gear connected to the transmission housing
through the third selectively engageable clutch and to
the first electric motor and the third sun gear through the
first selectively engageable clutch;

the first planetary carrier connected to the second sun gear;

the second sun gear connected to the first planetary
carrier and the third planetary carrer;

the second planetary carrier connected to the transmission

housing through the fourth selectively engageable
clutch;

the second ring gear connected to the output shait; and

the third ring gear connected to the iput shaft and to the

third sun gear through the fitth selectively engageable
clutch.

6. The electric variable transmission of claim 5, wherein
the first electric motor 1s disposed 1n front of the first, second,
and third planetary gear sets, and wherein the second electric
motor 1s disposed 1n between the first and second planetary
gear sets.

7. The electric variable transmission of claim 5, wherein
the four forward electric variable transmission, modes and six
fixed gears are selectively engageable through the first, sec-
ond, third, fourth, and fifth selectively engageable clutches.

8. The electric variable transmission of claim 1, wherein
the first and second electric motors are disposed in front of the
first, second, and third planetary gear sets.

9. The electric variable transmission of claim 1, wherein

the four forward electric variable transmission modes and

s1X fixed gears; are selectively engageable through the
first, second, third, fourth, and fifth selectively engage-
able clutches.
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